Background/Aims: Natural honey has many biological activities including protective effect against toxic materials. The aim of this study was to evaluate the protective effect of carob honey against lead-induced hepato-renal toxicity and lead-induced anemia in rabbits. Methods: Twenty four male rabbits were allocated into four groups six rabbits each; group 1: control group, received distilled water (0.1 ml / kg.b.wt /daily); group 2: received oral lead acetate (2 g/kg.b.wt/daily); group 3: treated with oral honey (1g /kg.b.wt/daily) and oral lead (2 g/kg.b.wt/daily), and group 4: received oral honey (1 g/kg.b.wt/daily). Honey and lead were given daily during 24 days of experimentation. Laboratory tests and histopathological evaluations of kidneys were done. Results: Oral administration of lead induced hepatic and kidney injury and caused anemia during three weeks of the exposure. Treatment with honey prevented hepato-renal lead toxicity and ameliorated lead-induced anemia when honey was given to animals during lead exposure. Conclusion: It might be concluded that honey has a protective effect against lead-induced blood, hepatic and renal toxic effects.
Introduction
Pollutants such as lead, nickel, cadmium, vanadium and mercury can induce kidney and liver toxicity. Kidney is the main route by which lead is eliminated and then absorbed by the proximal tubular cells. Lead is the most well-studied toxic metal, and its biological effect is dependent on the level and duration of the exposure. Lead is one of the most dangerous metals because it is widely present in the soil, water, and food.
It was well-known that chronic lead exposure leads to nephropathy, gout and hypertension. Epidemiological studies showed that blood lead level are related to renal function and has an impact on age-related decreases in renal function in the general population [1] [2] [3] . Acute lead poisoning and consequent nephropathy are usually observed in children aged three months to six years [4] . Studies showed that environmental exposure to lead, even at low levels, is associated with chronic kidney disease (CKD) in the general population [5] [6] [7] [8] . Furthermore, environmental lead exposure might influence progressive diabetic nephropathy [9] . It was shown that lead exposure hastens progressive CKD by accelerating microvascular and tubulointerstitial injury in rat CKD model [10] .
Several plant products have antioxidant properties and have been used as prophylactics or curatives [11] [12] [13] . Recently, it was found that G. kola, A. sativum, Z. officinale and L. esculentum reduced hepatotoxic effect of lead [14] [15] [16] [17] . We have found that honey has beneficial effects on renal function in normal volunteers [18] . In addition, our studies demonstrated that honey can protect liver and kidney during acute blood loss and after CCl4 intoxication [19] [20] [21] . Honey has been mentioned in Holey books as a healer of diseases. It was mentioned in the Talmud, both the old and new testaments of the Bible, and the Holy Quran. In the Surat AL-Nahel (The Bee) it says: And thy LORD taught the bee to build its cells in hills, on tree and in men's habitations, then to eat of all the produces (fruits) of the earth and find with skill the spacious paths of its LORD, there issues from within their bodies a drink of varying colors, wherein is healing for men, verily in this is a sign for those who give thought. The objective of this study is to investigate whether using natural honey from Morocco could prevent or ameliorate lead -induced hepato-renal toxicity.
Materials and Methods

Lead and honey
Lead acetate trihydrate was used for the experimentation. It was purchased from Sigma-Aldrich and it was dissolved in distilled water. The dose of lead acetate was 2 g /kg.b.wt/day, the value that represents the half of lethal dose of this product (DL50 Oral (e) -rat -4.665 g/kg.b.wt).
The type of honey used was carob honey that was purchased from beekeeper in Taounate region, Morocco, and was stored at room temperature. Some physicochemical parameters of carob honey included: color: dark amber, pH: 4.79, moisture: 19.5%, electric conductivity: 1.27 mS/cm, and ash content: 0.65%. The dose of honey was 1g/kg. b.wt/day [22] .
Experimental animals
Twenty-four male white rabbits, of either sex, weight 800+/-50 g, were used for the experimentation. The animals were housed in metal cages and maintained at uniform temperature of 22 ± 2°C, and 12 h/12 h light/dark cycle. The rabbits were maintained on laboratory chow and water ad libitum.
The animals were allocated into four groups six rabbits each; group 1: control group, received distilled water (0.1 ml / kg.b.wt/ day); group 2: received lead at a dose of 2 g/kg. b.wt./day; group 3: treated with honey (1 g /kg.b.wt/day) and lead at a dose of 2 g/kg.b.wt/day (both interventions were given at same time after each other), and group 4: received oral honey (1 g/kg.b.wt/day). Experimentation continued for 24 days and the animals received the interventions daily for 24 days. Lead was administered by oral gavage guaranteeing an exposure of 2 g/kg.b.wt. On day 24 of the treatment, the rabbits were sacrificed and the kidneys were isolated from all animals of the four groups. The animals' weighs were measured on the days 1, 11, 18, and 24.
Investigations using experimental animals were approved by the institutional committee, the University Hospital Hassan II Fez, and were conducted in accordance with the internationally accepted principles for laboratory animal use and care for animals following the French Technical Specifications for the Production, Care and Use of the Laboratory Animals.
Blood tests
The blood samples were collected for hematological and biochemical analysis after 12 hr fasting from marginal ear veins on days 7, 14 and 24 before the administration of test sample. Blood count was 
Histopathological study in the kidney
The study was conducted at Pathology Laboratory, University Hospital of Fez. The kidneys were removed and were immediately fixed in formalin solution at 10%, and they were subjected to observation with the naked eye to explore any gross abnormality. For qualitative analysis of kidney pathology, the tissue samples were fixed for 48 h in 10% formalin solution, dehydrated in an ascending graded series of ethanol, cleared in toluene and embedded in paraffin. Sections of the tissue (5-6 mm thickness) were prepared by using a rotary microtome and stained with hematoxylin and eosin (H & E) for microscopic observations.
Statistical analysis
The data were expressed as mean ± SEM of variables`. Statistical comparisons between the groups were performed with one-way (ANOVA) followed by Tukey test (Graph Pad Prism 5 software). P< 0.05 was significant.
Results
Regarding body weight, after 24 days the weight of rabbits treated with lead ( 774.66 ± 38.32 g) decreased significantly (p < 0.01) as compared to rabbits in the control group (981.66 ± 15.53 g) and those in the group treated with lead and honey (844.16 ± 70.45 g) (Fig. 1) . With the use of honey, changes in the body weight were not significant when compared with the control group. Regarding biochemical parameters, there is no significant difference in the level of SGOT in the control group and in the groups treated with honey alone or honey and lead. However, on day 24, SGOT increased significantly in the group treated with lead as compared to the control, from 45 ± 1.38 U/l to 53 ± 0.93 U/l (Fig. 2) . For SGPT, Lead causes significant elevation of SGPT during all the times as compared to other groups, while with use of honey the elevation of SGPT was not significant (Fig. 3) .
Regarding the kidney function, lead caused significant elevation of SCr on day 14 (0.9 ± 0.054 mg/dl) and 24 (1 ± 0.078 mg/dl) as compared to the control group (0.61 ± 0.078) and group treated with use of honey alone (0.61 ± 0.059). When the animals fed honey in addition to lead, there was an insignificant elevation of SCr as compared to the control (Fig. 4) . Similar results were obtained regarding BUN (Fig. 5) .
Lead caused significant reduction of hemoglobin on days 7(10.73 ± 0.45 g/dl), 14(8.76 ± 0.84 g/ dl) and 24(7.73 ± 0.65 g/ dl). Animals fed honey alone showed no changes in hemoglobin level and animals fed honey in addition to lead showed mild reduction in hemoglobin as compared to the control group (Fig. 6) . Lead increased the number of lymphocytes significantly which was pronounced on day 24, from 4433.33 ± 329.7 / mm3 to 6294.5 ± 211.31 / mm3 (Fig. 7) . Also lead increased neutrophils counts but the differences were insignificant as compared to the other groups (Fig. 8) .
In the control group (Fig. 9A) , histopathological studies showed that renal tubes were regular and there was no fibrosis. However, in the second group treated by lead there were a sign of necrosis in the kidney, interstitial fibrosis, and mesangial hyperplasia ( Fig. 9B1 and B2) . No sign of kidney damage was observed in the animals treated with honey and lead (Fig. 9C) .
Discussion
The results of this study showed that honey has a protective effect against lead hepato-renal toxicity. This effect was evident Fig. 3 . Effects of lead and honey on SGPT (*P < 0.05; **P < 0.01; ***P < 0.001).
Fig. 4.
Effects of lead and honey on serum creatinine (*P < 0.05; **P < 0.01; ***P < 0.001).
Fig. 5.
Effects of lead and honey on the blood urea (*P < 0.05; **P < 0.01; ***P < 0.001). Lead exposure causes kidney toxicity. It was found that lead acetate administered by oral route to adult rats at the rate of 0.3% and 0.6% increased SCr on the 30th day of the experiment [23] . Lead can cause increase in intracellular calcium and reactive oxygen species, and it can trigger apoptosis through the cytochrome C release and a fall in the mitochondrial potential [24, 25] . It was found that renal excretion of 6-keto-prostaglandin factor 1-alpha, prostaglandin E2, and thromboxane B2 excretion was increased in children exposed to lead [26] . Other studies showed that chronic exposure to low-dose lead causes generation of reactive oxygen species, reduces nitric oxide availability, increases blood pressure and promotes secondary upregulation of endothelial nitric oxide synthase [27] [28] [29] . Furthermore, lead stimulates hydroxyl radical generation and lipid peroxidation, and enhances vascular reactivity to sympathetic stimulation [30] . Consequently, it was found that lead chelating agents or antioxidants treatment can alleviate lead-induced oxidative stress and reduced nitric oxide availability in rats [31, 32] . Fig. 7 . Effects of lead and honey on the lymphocytes count (*P < 0.05; **P < 0.01; ***P < 0.001). Fig. 8 . Effects of lead and honey on the neutrophils count (*P < 0.05; **P < 0.01; ***P < 0.001). Others and we have found that honey has anti-inflammatory, antimicrobial, and antioxidant activities [33] [34] [35] [36] . In our previous study, it was found that honey decreased urinary prostaglandins concentration including thromboxane B and increased total urinary nitrite content [18] . Honey increased insignificantly free water clearance, filtered sodium and creatinine clearance. It decreased insignificantly urinary osmolality, urinary calcium, and urinary sodium [18] . We have found that honey increases nitric oxide end products in various biological fluids including blood, saliva and urine [18, 22, 37] . Furthermore, honey lowers plasma concentrations of thromboxane B2, PGE2, and PGF2a [38] . In healthy subjects, honey increased antioxidant agents, serum iron, blood indices, trace elements, and decreased immunoglobulin E and liver and muscle enzymes [39] . Therefore, honey might encounter stimulatory effect of lead on thromboxane excretion as well as inhibitory effect of lead on nitric oxide generation. Also it was found that honey can ameliorate anemia seen in rabbits exposed to lead. This might be due to ability of honey to increase iron and to stimulate bone marrow.
In addition, we found that a significant reduction in BUN, AST, ALT, and alkaline phosphatase, and a significant elevation of hemoglobin were obtained after acute blood loss in rats' model exposed to total food restriction and 50% honey feeding as compared with the animals subject to bleeding. It was concluded that honey feeding during total food restriction has protective effects on both liver and kidney after acute blood loss [19] . In another experiment, we found that oral honey feeding significantly ameliorates biochemical and hematological changes obtained after CCl4 injection; showing hepato-renal protection [20] .
Another study from our center demonstrated that intravenous honey had a hepatoprotective effect against CCl(4)-induced liver injury. It reduced SGOT, SGPT, and BUN, and it elevated serum protein, serum albumin, hemoglobin, and white blood cell [21] .
In chronic lead nephropathy, the pathological changes usually are nonspecific. Contracted Kidney with a granular surface could be encountered. Microscopical sections usually show varying degrees of relatively a cellular interstitial nephritis with periglomerular fibrosis. Immunofluorescence shows a variety of immunoglobulin deposits in glomerular capillaries and tubular basement membranes. The inclusion bodies in glomerular cells are seen in chronic exposure and absent in acute exposure. In the present study, kidney pathology examination in control group showed regular normal tubes without interstitial fibrosis. However in the group treated by lead there was a sign of necrosis in the kidneys, interstitial fibrosis and mesangial hyperplasia. Interestingly, no sign of kidney damage was observed in the animals treated with honey and lead. These results showed that honey can protect structural damage caused by lead exposure. The mechanism again might be due to various biological activities of honey, in particular, antioxidant. In addition, honey and lead were given at same time every day. Therefore, there is a possibility that honey might decrease lead absorption. This hypothesis required measuring of lead level in the blood when both interventions are given together. Further studies are in progress in our laboratories.
Conclusion
It could be concluded that honey has a marked protective effect against lead-induced blood, hepatic and renal toxicity. The mechanism of action might be due to modulation of prostaglandins, nitric oxide production, lead absorption, and antioxidant and antiinflammtory effects of honey. Further studies are required to explore the mechanism of action and whether our results have a future clinical application.
